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The Space Sciences Committee a t  Brown University met i n  June 1965 d d  
decided t o  make t h e  following awards t o  junior  staff members a t  Brown University,  
i n  accordance with t h e  purpose of the  grant:  

Professor J ,  C. B i r d ,  Jr. (Chemistry) Par t  I: YXudies i n  Atomic 
and Molecular Physics and Chemistrv having Astrophysical 
InterestTf; Pa r t  11: ftExobiologvll. 

Professor A.  Houghton (Physics) " I n s t a b i l i t i e s  of One and Two 
Component P la  ma s" 

F'rofessor S .  K. F. Karlsson (Engineerinp) "Interact ion of t h e  Solar 
Wind with t h e  Ea r th ' s  Magnetosphere: 
Study 

A Laboratory and Analytical  

mof essor J . F Kidwell (Biology) "Genotype and Environment Interact ion" 

Professor T. A. Mutch (Geology) Yfdent i f icat ion of E x t r a t e r r e s t r i a l  
Particles i n  Ancient Sedimentary Rocks" 

Research work on these  pro jec ts  was s t a r t e d  immediately and individual  
progress reports covering the  above period are at tached.  

In  addi t ion  to t h e  individual research projects ,  a seminar program with 
invi ted speakers i n  the  area of space sciences was i n i t i a t e d  i n  September. 
Professor b i r d  of t h e  Chemistry Department took charge of t h i s  program and t h e  
following is  a quote from h i s  report: 

"During t h e  first academic semester of 1965-66 w e  have had three 
speakers before our Space Sciences Colloquium, 
University, spoke about t h e  information ava i l ab le  concerning l i f e  on Mars as 
seen through Mariner pictures .  Dr. Eugene Shoemaker, Chief Astrogeology Brhnch, 
U. S. Geological Survey, Flagstaff  Arizona, discussed h i s  ideas  about "Geologic 
Processes on the  Moon". Final ly ,  Dr. A .  G. GI. Cameron, Goddard I n s t i t u t e  for 

Professor C a r l  Sagan, Harvard' 
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" A l l  t h e  t a l k s ,  thus f a r ,  have been on a more or less non-technical 
The audiences have been large, t h e  order  of 120-140, and have consis ted l e v e l .  

of Brown University facul ty  10-15%, many graduate students,  undergraduate 
s tudents  and qui te  a number of v i s i t o r s  from t h e  surrounding community. 
local press ,  and r ad io  and te lev is ion  media have been informed of our seminars 
and usually cover these  events. 

The 

"In t h e  fu tu re  we plan t o  have Dr. Robert Fellows speak about t h e  
Voyager program. 
Laboratory and Balloon te lescopic  observations." 

Other top ics  we hope t o  include are t h e  Manned Orbiting 

Effect ive January 1, 1966, two addi t iona l  pro jec ts  are t o  be added t o  
t h e  program, and they are: 

Professor Barrett Hazeltine (Engineering) ''Study of a Tactile Communi- 

Dr. Fred H. Pollak (Physics) " E f f e c t  of S t a t i c  and Modulated Uniaxial 

ca t ion  System" 

S t r e s s  on t h e  Band Structure of Semiconductors". 

In general, w e  bel ieve it is possible  t o  say that t h e  program has gotten 
off t o  an  excel lent  start and has m e t  with considerable in t e re s t .  The exchange 
of ideas  between the  various fields par t ic ipa t ing  is very l i v e l y  and w e  bel ieve 
w i l l  result i n  considerable mult idiscipl inary a c t i v i t y  as time goes on. The 
i n t e r e s t  t h i s  effort is meeting with, i n  t h e  univers i ty  community as w e l l  as 
outs ide  t h e  univers i ty ,  is evidenced by t he  attached newspaper ar t ic le  which 
contains  an exce l len t  layman's descr ipt ion of t h e  various research projects. 

/ .  -/.a- 
P. k'. Maeder 

PFM: j m m  

Cnclosures ( 6 )  
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Progress Report on Research Project 

P a r t  I: Wccited States  i n  Molecular Nitrogen" 

The purpose of t h i s  research is t o  observe radiofrequency t r a n s i t i o n s  
between energy l e v e l s  i n  excited electronic  states of molecular nitrogen. 
energy l e v e l  spacings responsible  for t h e  t r a n s i t i o n s  have an important bearing 
on the  excited state molecular wave functions for nitrogen. 
that t h e  radiofrequency t r a n s i t  ions may have as t rophys ica l  importance . 

The 

It is a l s o  possible  

During t h e  l as t  few months we have constructed an observation cell  and 
a highly s t ab i l i zed  100 w a t t  microwave generator far use i n  exc i t ing  a l i g h t  
source. Molecular nitrogen exci ta t ion sources are now beinp, bu i l t .  

Personnel: C.  Lee, E l i o t  Weinstock, J. C. Baird, Pr inc ipa l  Invest igator  

P a r t  I1 : "Exobiology" 

Many b io logica l  systems contain paramagnetic centers  which can be 
detected by electron paramagnetic resonance. 
s t rong paramagnetic resonance spectrum. 
determine whether t he re  are similar forms of l i f e  on other  planets  by sending 
s u i t a b l e  instrumentation. The minimum informat ion, providing spectra  w e r e  
observed, would be pos i t i ve  ident i f ica t ion  of organic rad ica ls .  

We have found that l ichens  have a 
It may be possible  t o  use t h i s  fact to  

In  our projec t  w e  have been attempting t o  isolate t h e  paramagnetic 
components i n  order t o  ob ta in  some information about them. 
paramagnetic resonance cons i s t s  of a t  least two  components; 
and an organic r ad ica l .  
been a b l e  t o  isolate one organic r ad ica l  f rac t ion .  
than 5000. 

So far t h e  l ichen 
an  inorganic f r ac t ion  

We have, using simple chemical separat ion procedures, 
Its molecular weight is less 

Personnel: J. C. b i r d  
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Progress Report on Research Project  

" I n s t a b i l i t i e s  of One and Two Component Plasmas" 

I. Collect ive Exci ta t ions of One and Two Component Plasma's i n  a Magnetic Field.  

The c o l l e c t i v e  excitations of  a one-component plasma (a t  dens i t i e s  
appropr ia te  t o  both metals and semiconductors) in  a magnetic f i e l d  have been 
studied: a r b i t r a r y  d i r ec t ions  of propagation with respect  t o  t h e  magnetic f i e l d  
have been considered. 
dens i ty  matrix equation, modified t o  take i n t o  account electron-impurity c o l l i -  
s ions,  t o  determine t h e  frequency and wave vector dependent conductivity tensor  
upv(q,w). 
Maxwell's equations. 

The method employed has been t o  use t h e  one-particle 

The response determined i n  t h i s  way is then made self cons is ten t  with 

The first part of our project has been t o  inves t iga te  t h e  effect 's of 
c o l l i s i o n  damping on t h e  collective exc i ta t ions  o f  t h e  plasma i n  t h e  long-wave- 
length l i m i t  i.e. q + 0. An invest igat ion of t h i s  approximation revealed t h e  
p o s s i b i l i t y  of ex t ra  damping i.e., Landau and Doppler Shifted Cyclotron resonance 
damping whenever ( nuc 
damping exh ib i t s  G i a n t - ~ n ~ ~ v & c i l l a t  ions i f  kT wc, t h e  cyclotron frequency. 
However, if kT > wc t h e  o s c i l l a t i o n s  broaden in to  a uniform enhanced damping. The 
s t r u c t u r e  of t he  Landau and Cyclotron damping has  been studied for a r b i t r a r g  
d i r ec t ion  and mean f r e e  path, care has been taken t o  include t h e  d i f fus ion  
cu r ren t  which is important when 
prepared f o r  publ icat  ion. 

where (n)  is an integer .  This add i t iona l  

q # 0. A repor t  on t h i s  work is now being 

11. Coupling of Plasma !.laves t o  Polar Phonons in  Degenerate Semiconductors. 

A program t o  invest igate  t h e  coupling between o p t i c a l  phonons and t h e  
c o l l e c t i v e  o s c i l l a t i o n s  of t h e  electron plasma in  degenerate semiconductors, i n  
t h e  presence of a s ta t ic  magnetic f i e ld ,  has been ins t iga ted .  
carrier d e n s i t i e s  
frequency is comparable t o  t h e  op t i ca l  frequency and t h e  plasma waves and phonons 
cease t o  be independent exc i t a t ions  of t h e  system. 
system are now i n  fact strong admixtures of phonons and plasmons. 
have s tudied the  mixing i n  the  long-wavelength l i m i t ,  an extension of t h e  theorv 
t o  f i n i t e  wavelengths is i n  progress. 

A t  appropriate  
t o  lo1* i n  1 1 1 - V  compounds) t h e  free carrier plasma 

The new normal modes o f  t h e  
To da t e  w e  

Personnel: A.  Houghton, Pr inc ipa l  Investigator,and P. R. Eeaudet 
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Ynterac t ion  of t h e  Solar Wind with t h e  Earth 's Magnetosphere: 

A Laboratory and Analytical Study" 

1. Experimental work. 

A breakdown of  t h e  plasma wind tunnel  has made necessary changes i n  t h e  
design of the  ion source. 
connection with t h e  Annual Meeting of t h e  Fluid Dynamics Division of t h e  American 
Physical Society i n  Cleveland, November 22-24, Professor Karlsson v i s i t e d  t h e  ion 
propulsion group a t  t h e  L e w i s  Research Center and discussed with them t h e  r e l a t i v e  
m e r i t s  o f  a contact  ionizat ion ion source (which w e  present ly  have) and an e lec t ron  
bombardment ion source. As a r e s u l t  of these  conversations, w e  are a l s o  working 
on t h e  design o f  an e lec t ron  bombardment ion source su i t ab le  f o r  t h e  plasma wind 
tunnel . 

The rebuilding of t h e  source is now i n  progress. In  

We are tak ing  a careful look a t  t h e  instrumentation necessary t o  properlv 
monitor t h e  performance of t h e  plasma wind tunnel  and make su i t ab le  measurements. 
The ex te rna l  c i r c u i t r y  is now being redesigned. 
permanent magnet may be used for a terrella and t h i s  w i l l  provide both Larmor 
r a d i i  and magnetosheath dimensions i n  t h e  r i g h t  range. 

It has been found t h a t  a small 

This work is being carried out by M r .  L. G. Cohen and Professor S. K. F. 
Karlsson and is p a r t l y  supported by N.A.S.A. 

2. Analyt ical  study. 

The t h e o r e t i c a l  model of t h e  so l a r  wind impinging on t h e  ea r th ' s  d ipole  
magnetic f i e l d  has  been formulated using t h e  one-fluid magnetohydrodynamic 
equations. 
smallest length scale occurring so charge separat ion is negl igible .  
because of t h e  largeness  of t h e  megnetic Reynolds number, t h e r e  is  a t h i n  layer  
[ thickness  
which sh ie lds  t E e ea r th  from t h e  so la r  wind and t h e  solar wind from t h e  e a r t h ' s  
d ipole  f i e l d .  
t h e r e  is an  in te rp lane tary  magnetic f i e l d  and only i f  t h e  ve loc i ty  of t h e  charged 
particles i n  t h e  so l a r  flux falls within d e f i n i t e  bounds can the re  be a (co l l i -  

No gasdynamic type shocks can e x i s t  because t h e  mean free path is l a rge r  even 
than t h e  earth-sun d is tance  ( M U )  -- by far t h e  l a r g e s t  length i n  the  moblem. 
We are now examining t h e  s t ruc tu re  of t h e  magnetosheath. 
layer ,  we have succeeded i n  reducing t h e  governing conservation laws and Maxwell's 
equations t o  two second order nonlinear partial d i f f e r e n t i a l  equations fo r  t h e  
vector po ten t i a l  of t h e  magnetic f i e ld  and t h e  plasma density.  
t h e  s t ruc tu re  of t h e  magnetosheath may be d r a s t i c a l l y  a f fec ted  by t h e  presence 
of t he  shock wave. 
t h a t ,  i n  an experiment, t h e  presence of an otherwise " invis ible"  shock may be 
deduced by a measurement i n  t h e  magnetosheath. 

This could be effected because t h e  Debye length is by far t h e  
Moreover 

ReM = magnetic Reynolds number] O(R ReM-1/2), RE = earth radius ,  

This is  ca l l ed  t h e  magnetosheath. We have found t h a t  only i f  

I s ion le s s )  magnetohydrodynamic shock wave standing in  f ron t  o f  t h e  magnetosheath. 

In t h i s  t h i n  boundary 

We suspect t h a t  

For example, densi ty  p r o f i l e s  may be s u f f i c i e n t l y  d i f f e r e n t  

This research is being conducted by M r .  L. G. Cohen w i t h  t h e  advice 
and assistance of  Professor I. M. Cohen. 



- c 

NASA Grant NGR-40-002-009 
Semi-Annual R e p o r t  
June 1, 1965-November 30, 1965 

Progress Report on Research Project  

"Genotype and Environment In t e rac t  ion" 

Most of t h e  e f f o r t  during the  first six months was devoted to  prepara- 
Nine isogenic l i n e s  of Drosophila melanogaster have t i o n  for experimental work. 

been formed. 
homozygous types a r i s i n g  from a cross of two l i n e s ,  holding t h e  fourth chromosome 
constant .  Appropriate c rosses  among these  e ight  lines w i l l  provide t h e  27 possible  
genotypes. These c ros ses  w i l l  be made i n  January 1966 for t h e  first experiments. 

A marked inversion technique has been used t o  make t h e  e ight  

Six highly inbred lines o f  mice have been obtained, and are ready for 
t h e  experimental phase. 

The first space simulated environment t o  be studied is t h e  v ibra t ion  
encountered as " l i f t -of f"  and ttre-entrytt of  space vehicles.  
is ava i l ab le  i n  t h e  Division of  Engineering and has been tested. 
experiments, t o  be conducted i n  January 1966 w i l l  determine t h e  effects of 
vibra t ion  (100 C.P.S. a t  an amplitude of .4mm f o r  periods of 5, 10, 15, 20 and 
25 minutes) on (1) t h e  production of  chromosomal oberrat ions i n  somatic ce l l s  
i n  t i s s u e  c u l t u r e  (2 )  crossing over in male Drosophila and ( 3 )  t h e  production of 
point  mutations i n  Drosophila. 

Vibration equipment 
The first 

Personnel: J . F. Kidwell, Principal  Invest igator  
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"Ident i f icat ion of Ex t ra t e r r e s t r i a l  Particles i n  Ancient Sedimentary Rocks" 

Special faci l i t ies  have been prepared i n  Rhode Island Hall fo r  t h e  
processing o f  mater ia l .  
and glass .  
two buffer  areas. 
inner room. 

This includes a c lean room, completely l i ned  with formica 
The inner c lean room is separated f r o m  t h e  rest of t h e  building by 

A forced a i r  intake maintains pos i t ive  pressure within t h e  

A number of rock samples have been obtained. These include salts of 
Si lur ian ,  Permian, and Jurassic age both from North America and Europe, Jurassic 
c h e r t s  from Europe, Devonian c h e r t s  from North America, and Precambrian c h e r t s  
and limestones from North America and Africa. 

Disaggregation and solution procedures for  rocks of varying composition 
Salts and limestones are soluble  i n  weak almost completely have been worked out.  

ac ids  which do not affect s i l i c a t e s  o r  oxides. 
aggregated i n  HF acid.  
oxides but surely d isso lves  some silicate minerals. 

Cherts can be p a r t i a l l y  d i s -  
Such disaggregation does not have appreciable effect on 

Preliminary Eractionat ion of insoluble res idues is accomplished mag- 
ne t i ca l ly .  
probably formed - in part, a t  least - by ab la t ion  of i n f a l l i n g  meteorites.  
Spherule abundances considered as a function of deposi t ional  time and surface 
area are generally constant  between samples. 
some samples, however, does occur. 
is exemplified by a Devonian cher t  j u s t  processed. 
make possible  ce r t a in  microscopic and chemical analyses  not possible  with t h e  
usual smaller samples. 
considered a consequence of a meteorite passing d i r e c t l y  over t h e  deposi t ional  
s i t e  a t  a low a l t i t ude .  

The highly magnetic fraction contains  magnetite spherules which are 

Unusual spherule enrichment i n  
The most s t r ik ing  example o f  such enrichment 

The epherule abundances here 

Unusually high spherule abundances are t e n t a t i v e l y  

Search for e x t r a t e r r e s t r i a l  particles other  than magnetite SDherUleS 
w i l l  concentrate on glasses ,  e i t h e r  of an impact o r  ab la t ion  melt or igin.  
g l a s ses  might include lunar  ejecta trapped i n  t h e  ea r th ' s  g rav i t a t iona l  f i e l d .  
The r e a l i t y  of such g lasses  is demonstrated on a l a rge r  p a r t i c l e  scale by i n  
s i t u  p a r t i a l l y  glassy rocks around terrestr ia l  craters and by tektites. 
particles are e a s i l y  ident i f ied  by t h e i r  i so t ropic  nature. 
search fo r  such p a r t i c l e s  i n  sedimentary rock residues is  considered f eas ib l e  
even though t h e i r  r e l a t i v e  abundance is probably exceedingly small. 

Imwct 

Glassy - 
Accordingly t h e  

Personnel: Thomas A.  Mutch, Principal Invest igator  


